Nutritional factors, especially the protein and fat content of the diet, may change pancreatic morphology after ethanol induced injury. This study was performed to delineate the combined effects of a low fat diet and longterm ethanol ingestion on the rat pancreas. Male Sprague-Dawley rats were maintained with five different diets for 12 weeks and the pancreas removed on the day they were killed. Rats fed a very low fat diet without ethanol (5% of total calories as lipid) developed mal- (Gut 1996; 38: 285-292) 
The role of nutrition in the pathogenesis of alcoholic pancreatitis remains controversial, because dietary surveys in different countries have produced conflicting results. In Europe, North and Latin America, South Africa, and Japan, chronic pancreatitis is mostly seen in male patients drinking more than 100 ml pure alcohol per day and having a high fat and high protein diet.1 2 In contrast, alcoholic pancreatitis has been reported to occur in malnourished subjects3 and calcifying pancreatitis (in the absence of alcoholism) is common in tropical areas: India, Africa, and South East Asia, where malnutrition is prevalent.4 The possible causes for tropical pancreatitis that have been most commonly suggested are kwashiorkor (protein insufficiency in childhood)5 6 and cassava consumption.7 In addition, rats fed protein deficient diets develop pancreatic steatosis, acinar cell atrophy, and a diminution in the number of zymogen granules.8-10 It is not clear, however, whether protein malnutrition is the sole aetiological factor. There are many parts of India where protein intake is low but pancreatitis does not occur. In the South Indian State of Kerala, which has the highest known frequency of chronic pancreatitis, the diet is characterised by a moderately low protein intake and a very low fat intake."l There might be some mechanism common with the alcoholic form of chronic pancreatitis, inasmuch as the biochemical composition of Indian and European calculi is similar.'2 The purpose of this study was to examine the combined effects of longterm alcohol intake and very low fat ingestion on rat pancreatic morphology using a liquid diet feeding model for strict nutritional control. In addition, as fat accumulation in acinar cells has been reported to be the earliest histopathological feature in the pancreas of alcoholic patients'3 and in experimental animals'4 15 pancreatic lipid composition was also analysed in the rats.
Methods
Animals and experimental diets Male rats of Sprague-Dawley strain (Charles River Breeding Laboratories, Wilmington, MA) were maintained with A04 PANLAB solid diet and tap water until they reached a weight of 200-250 g. The animals were then divided in five groups, housed in individual cages, and fed for 12 weeks the following diets:
Solid diet -A04 PANLAB diet ad libitum (group A, n= 1 1).
Liquid diets -35% lipid diet without ethanol (group B, n=7), 35% lipid diet with ethanol (group C, n=7), 50/o lipid diet without ethanol (group D, n=7), and 50/o lipid diet with ethanol (group E, n=7). Table I gives the compositions of these diets. Dietary composition of liquid diets was based on the general formulation of Lieber and Lopez, Bombi, Valderrama, Gimenez, Pares, Caballeria, Imperial, Navarro (Table   III) . Animals fed the 5% lipid diet without ethanol had higher cholesterol concentrations than those which received the 35% lipid diet without ethanol (malnutrition effect). Serum concentrations of triglycerides were the highest in alcoholic rats fed a 35% lipid diet (group C) with a wider standard deviation. Amylase values in rats fed the 35% lipid diets were higher than those in the other groups.
Pancreatic morphology
Light microscopy -none of the animals developed morphological evidence of pancreatitis, such as fibrosis, protein plugs, or focal collection of inflammatory cells. Figure 2 summarises the determination of lipid droplets and zimogen granules in the five groups of animals. Pancreatic acinar cells of rats fed the 35% lipid diet without ethanol (group B) showed a normal morphology (Fig 3A) , whereas animals fed the 35% lipid diet with ethanol (group C) showed lipid droplets accumulation (Fig 3B) . Malnutrition (groups D and E) induced accumulation of lipid droplets in acinar cells being more striking in the alcoholic group (E) (Fig 3C, D) . A pronounced reduction in the number of zymogen granules was seen in sections of both malnourished groups (D and E) compared with groups B and C.
Electron microscopy -on electron microscopic examination, intracellular fat droplets were also seen in the acinar cells of animals fed a 35% lipid diet with ethanol (group C) and in those fed the low fat diets (groups D and E) (Fig 4) . Fat droplets were located in the basal pole of the acinar cells. No changes were apparent in the mitochondria or in the endoplasmic reticulum. No fat droplets were seen in sections from animals fed a solid diet (group A) or a 35% lipid diet without ethanol (group B) (Fig 4A) . Also at the ultrastructural level, diminution in the number of zymogen granules was seen in tissue from malnourished animals in agreement with findings from light microscopy (Fig 4C, D) .
Pancreatic lipid content Both malnutrition and prolonged ethanol administration were associated with higher values of pancreatic cholesterol ester, and these effects seemed to be additive, with the animals fed the 5% lipid diet plus ethanol exhibiting the highest values (Table IV) . In addition, malnutrition was associated with higher concentrations of phospholipids. No significant differences were seen in cholesterol and triglycerides values. The number of lipid droplets measured from thin sections showed a clear correspondence with cholesterol ester content in the pancreas (Fig 5) .
Amylase and lipase activities Both amylase and lipase activities (expressed as U/mg protein or as U/g pancreas) were reduced in rats fed the 5% lipid diets (malnourished animals). On the other hand, longterm ethanol feeding, regardless of the lipid content of the diets, caused decreased amylase activity and increased lipase activity (Table V) . Amylase, lipase, and cholesterol esterase content Figure 6 illustrates the qualitative distribution of pancreatic proteins in the five groups of rats. Animals fed the 5% lipid diet (groups D and E, Fig 6D, E) showed a decreased amylase and lipase content than rats fed the 35% lipid diet (groups B and C, Fig 6B, C) . Ethanol feeding (groups C and E) produced a decrease of amylase and an increase of lipase content in rat pancreas with regard to control animals (groups B and D, respectively). No differences were seen in the banding pattern of rats fed the solid diet (group A) and the 35% lipid diet without ethanol (group B) (Fig 6A, B) . These results are in agreement with the amylase and lipase activities measured in the five groups (Table V) .
Cholesterol esterase content was determined in rat pancreatic extracts by western blot analysis. Polyclonal antiserum (pAs L64) against human cholesterol esterase showed cross reaction with rat cholesterol esterase in nitrocellulose blots of pancreatic juices (Fig 7,  right) (Fig 7, left) . Nitrocellulose blots of pancreatic extracts of malnourished rats (groups D and E) (Fig 8E, F) showed a cholesterol esterase band (69 kDa) less stained than that of the animals fed the 35%/o lipid diets (groups B and C) (Fig 8G, H) .
Discussion
This study was conducted in Sprague-Dawley rats to investigate the combined effects of a low fat diet and prolonged ethanol ingestion on rat pancreas. Administration of a liquid diet for 12 weeks providing 5% of the chemical energy as fat, 18% as protein, and 77% as carbohydrates resulted in a pronounced malnutrition of the rats, which was evident after three weeks of feeding (reduction in -27% of the initial body weight). Malnutrition seen could be caused by a deficiency of essential fatty acids in the diet. It has been described that insufficient linoleic acid intake induces growth reduction and skin lessions on the rat.27 28 Previous studies in rats feeding 5% lipid diets did not show a malnutrition effect.29 30 These differences could be explained by variations in the essential fatty acid content of the diets. In the 5% lipid diet given in our study, linoleic acid and linolenic acid represented 1.1% and 0.4% of total calories, respectively.31 In general, values of essential fatty acids below 3% of total calories are considered to be deficient.28 32 There is no evidence of essential fatty acid deficiency causing pancreatitis in the human, but experimental studies have suggested a decreased resistance of the pancreas to injury by trypsin or bile ingestion.33 The potential role of essential fatty acid deficiency in pancreatic injury is a new concept that needs further study.
Administration of 5% lipid diets (groups D and E) resulted in a pronounced accumulation of lipid droplets and a diminution in the number of zymogen granules in pancreatic acinar cells. Those morphological changes were confirmed by biochemical measurements in the pancreas, and the number of lipid droplets showed a clear correspondence with the content of cholesterol esters (Fig 5) . (Table IV) . Based on our data and previous studies38 44 we propose two related pathways for cholesterol ester accumulation in the acinar cell ( Fig  9) : (a) hypercholesterolaemia, induced by malnutrition or longterm ethanol feeding, would cause increased cholesterol concentrations inside acinar cells producing ACAT stimulation and (b) esterification of free fatty acid with ethanol by a non-oxidative pathway mediated by lipase would induce incorporation of fatty acids into cholesterol esters. Further studies are necessary to prove these hypotheses, which could explain the development of pancreatic steatosis in the rat.
